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(57) ABSTRACT 
A feedback control system for providing automated 
control of multi-component chemical concentrations in 
a hydrogen peroxide/ammonia (SC-1) aqueous bath or 
in a hydrogen peroxide/hydrochloric (SC-2) aqueous 
bath used for semiconductor processing. A sample from 
the liquid bath is routed to two sensors. Three separate 
schemes for determining concentrations of the two 
chemicals in the bath are provided by the selection of 
one of three separate pairs of sensors. A processor is 
used to monitor and control the chemical makeup of the 
bath. 
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CONCENTRATION MEASUREMENT AND 
CONTROL OF HYDROGEN PEROXDE AND 

ACID/BASE COMPONENT INA 
SEMCONDUCTOR BATH 

This is a continuation-in-part (C.I.P.) application of 
Ser. No. 08/017,224, now U.S. Pat. No. 5,364,510, filed 
on Feb. 12, 1993 and entitled "Scheme for Bath Chemis 
try Measurement and Control for Improved Semicon 
ductor Wet Processing', which application is incorpo 
rated by reference herein. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to the field of process 

chemical baths, particularly hydrogen peroxide con 
taining baths, and more particularly, to a scheme for 
monitoring and controlling an aqueous bath comprised 
of hydrogen peroxide and a second chemical compo 
nent, which is either an acid or a base, wherein the bath 
is utilized in semiconductor manufacturing. 

2. Prior Art 
Chemical solutions have been utilized extensively for 

the manufacture of semiconductor devices. Wet chemi 
cal processing baths have been used for cleaning semi 
conductor wafers, as well as for etching deposited films 
on these wafers. For example, the use of hydrogen 
peroxide (H2O2) containing solutions for cleaning sili 
con semiconductor wafers is well known. In addition to 
wafer cleaning, hydrogen peroxide is utilized in combi 
nation with sulfuric acid for photoresist removal and in 
combination with phosphoric acid, sulfuric acid or am 
monium hydroxide for selective titanium etching. 

It is known that to ensure uniform processing in ad 
vanced VLSI (very large scale integrated circuit) and 
ULSI (ultra large scale integrated circuit) manufactur 
ing, it is critical to maintain a chemical composition of a 
bath at a specified concentration level. Alternatively, 
more uniform processing can be attained by measuring 
the solution concentration and adjusting the wafer pro 
cessing time to compensate for changes in the solution 
composition. Maintaining specified concentration levels 
is especially complicated in hydrogen peroxide based 
solutions. 
For example, a NH4OH-H2O2-H2O solution 

(commonly referred to as SC-1) used in wafer cleaning, 
especially in megasonic baths, provides for the simulta 
neous removal of particles, organics and a number of 
trace metals (See for example, "Cleaning Solutions 
Based on Hydrogen Peroxide for use in Silicon Semi 
conductor Technology': W. Kern and D. A. Puotinen; 
RCA Review, June 1970; pp. 187-206). In the SC-1 
Solution the bath is comprised of ammonium hydroxide 
(NH4OH), hydrogen peroxide (H2O2) and water (H2O). 
For semiconductor manufacturing, it is imperative to 
maintain the proper chemistry ratio of NH4OH-H- 
2O2-H2O in the bath. If the NH4OH/H2O2 ratio is 
high, silicon etching can occur, resulting in the genera 
tion of surface roughness that can adversely affect gate 
oxide breakdown. If the NH4OH/H2O2 ratio is too low, 
the particle removal rate is reduced and a higher iron 
contamination level may result. 

Furthermore, many solutions, such as the SC-1 solu 
tion, are notoriously unstable due to the simultaneous 
loss of multiple components of the bath. In the SC-1 
processing bath, NH3 and H2O2 losses are attributable to 
a number of factors. The H2O2 decomposition 
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(2H2O2)2H2O-O2) is dependent on concentration, 
pH and temperature. It is also well known that the 
presence of heavy metal contaminants affect the decom 
position of H2O2. It is suspected that organic contami 
nants can affect the ratio of decomposition. For ammo 
nia, the loss is primarily due to evaporation. It is also 
believed that some ammonia loss may be due to oxida 
tion (2NH3+6OH->N2 +6H2O.--6e). 
Thus, at most semiconductor fabrication facilities, a 

common approach has been to use a liquid processing 
bath for a certain time period without proper concen 
tration adjustments to make up for the losses and then to 
discard it. This practice not only results in high chemi 
cal costs, but it also leads to the generation of more 
waste than would be required. Environmentally, it is 
preferred to reduce such waste. In more advanced man 
ufacturing facilities, automated controllers are utilized 
to achieve some degree of chemical composition con 
trol. These controllers spike the bath with certain chem 
icals at predefined intervals and can also add one or 
more chemicals to the bath to make up for a drop in the 
bath liquid level. One automated approach is described 
in U.S. Pat. No. 4,326,940. 

In the manufacture of state-of-the-art and future gen 
erations of semiconductor devices, it is appreciated that 
the specified tolerances for chemical composition in 
such baths will require tighter tolerances. In order to 
manufacture even smaller submicron semiconductor 
devices, as well as improving the manufacturing yield, it 
is imperative that automated schemes for maintaining a 
tighter control on the chemical make-up of a liquid 
processing bath is desired. In order to ensure uniform 
processing, such as uniform cleaning without surface 
damage, stripping and/or etching, it is imperative to 
continually monitor and, if necessary, appropriately 
adjust the concentration level of chemicals in an aque 
ous bath without human interaction. 

In respect to SC-1 baths, a more advanced concentra 
tion control for H2O2 and NH3 is desirable. What is 
needed is a workable sensor system for use in real-time 
process control. Characteristics which are desirable in 
both H2O2 and NH3 sensors include simplicity, sensitiv 
ity, accuracy, reproducibility, dynamic range, speed, 
robustness, low cost, and commercial availability. Such 
sensors must be capable of withstanding the effects of a 
corrosive liquid at elevated temperatures and provisions 
are necessary to deal with the high concentration of 
bubbles which are present in this type of solution. 
The present invention provides for a scheme in which 

substantially continuous, frequently repetitive and/or 
in-situ monitoring of a chemical bath, such as the SC-1 
bath or a SC-2 bath (an SC-2 solution is comprised of 
HCl-H2O2-H2O), is obtained to determine the con 
centration levels of the chemical species. Furthermore, 
such measured data can be analyzed and computed in 
order to automatically control the composition of the 
bath. Moreover, this scheme provides for an analytical 
methodology which can be most easily implemented in 
a semiconductor fabrication facility with reasonable 
cost, desired analytical accuracy and a lower probabil 
ity of introducing deleterious contamination within the 
facility. 

Additionally, it is appreciated that the concentration 
monitoring scheme described in the afore-mentioned 
original application can be utilized to provide the neces 
sary control. However, it is also appreciated that added 
complexities are encountered in generating a diluted 
sample for analysis. For example, errors in the measure 
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ment of the diluted sample are multiplied when interpo 
lated to calculate the particular chemical concentration 
in the bath. Additionally, the use of reagents and carrier 
streams are complicated by the requirement of addi 
tional plumbing, as well as the requirement of precision 
controls in manipulating the fluid flow. Thus, in some 
instances the dilution scheme of the original application 
operates effectively to provide the desired results, but in 
other instances it is preferable to obtain direct readings 
from a more simplified scheme. The present invention 
attempts to circumvent many of these complexities by 
utilizing a direct measurement scheme. 

SUMMARY OF THE INVENTION 

A hydrogen peroxide/ammonia processing bath anal 
ysis and feedback control system for semiconductor 
processing is described. A sample of a SC-1 solution is 
processed by electrochemical sensors to determine the 
concentrations of H2O2 and NH3. Three approaches are 
defined in order to sense and measure the sample solu 
tion to determine the concentration levels. An applica 
tion of the invention is extended to monitoring concen 
trations of hydrochloric acid (HCl) and H2O2 in a SC-2 
solution. 
A first approach relies on potentiometry to measure 

NH3 concentration and amperometry to measure H2O2 
concentration. A second approach relies on potenti 
ometry to measure NH3 concentration and ionic con 
ductivity to determine H2O2 concentration. A third 
approach relies on amperometry to measure H2O2 con 
centration and ionic conductivity to determine NH3 
concentration. The use of ionic conductivity for deter 
mining the measurement of the second specie is made 
possible by the fact that the conductivity of these solu 
tions can be fitted to an empirical equation in which the 
concentrations of NH3 and H2O2 and the temperature 
are independent variables. 

In order to provide automated measurement and 
control of wet baths, including in-situ control, a com 
puter is coupled to control the various devices associ 
ated with transporting, injecting and analyzing the sam 
pled liquid. By continuous or frequent sampling during 
use, chemicals can be readily added to the bath if pa 
rameters being controlled are out of tolerance. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram of a measurement and 
control system of the present invention for a chemical 
wet bath utilizing dual sensors. 

FIG. 2 is a schematic diagram of a measurement and 
control system of FIG. 1, showing a particular use of a 
potentiometric sensor and an amperometric sensor. 

FIG. 3 is a schematic diagram of a measurement and 
control system of FIG. 1, showing a particular use of a 
conductivity sensor and a potentiometric sensor. 

FIG. 4 is a schematic diagram of a measurement and 
control system of FIG. 1, showing a particular use of a 
conductivity sensor and an amperometric sensor. 

FIG. 5 is an illustration of a gas diffusion potentio 
metric sensor utilized in the practice of the present 
invention. 
FIG. 6 is an illustration of an amperometric sensor 

utilized in the practice of the present invention. 
FIG. 7 is an illustration of a electrodeless conductiv 

ity sensor utilized in the practice of the present inven 
tion. 
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FIG. 8 is a graphic illustration of a voltage wavefortil 

used to drive the amperometric sensor of FIG. 6 in the 
practice of the present invention. 
FIG. 9 is a graphic illustration of a current response 

to the voltage pulse of FIG. 8 and in which the sampled 
solution is SC-l. 

FIG. 10 is a graphic illustration of a current response 
to the voltage pulse of FIG. 8 and in which the samplied 
solution is SC-2. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

A hydrogen peroxide/ammonia wet processing bath 
measurement and analytical feedback control systern 
for semiconductor wafer processing is described. In the 
following description, numerous specific details are set 
forth, such as specific devices, measuring techniques, 
chemical compositions, etc., in order to provide a thor 
ough understanding of the present invention. However, 
it will be obvious to one skilled in the art that the pres 
ent invention may be practiced without these specific 
details. In other instances, well known processes and 
structures have not been described in detail in order not 
to unnecessarily obscure the present invention. 

It is to be noted that the particular chemical solution 
described primarily throughout is SC-1, which is used 
for wafer cleaning. A description referring to SC-2 is 
also provided as well. Furthermore, in reference to 
SC-1 the specific chemicals described below are hydro 
gen peroxide (H2O2) and ammonia (NH3), which is 
derived from ammonium hydroxide (NH4OH). These 
two chemical species are combined with water (H2C). 
Such solutions for semiconductor processing are well 
known in the prior art and such solutions can be readily 
purchased. 

Initially, the present invention was developed for the 
purpose of controlling the concentration of H2O2 which 
was one of the composition chemicals in a wet bath, but 
was then extended to controlling the concentration 
level of a second chemical component of the bath. In 
this particular instance, the second chemical specie is 
NH3. However, it is appreciated that the present inven 
tion can be readily adapted to other chemistries as well. 

Referring to FIG. 1, a measurement, analysis and 
feedback control system for controlling chemical coin 
position in an aqueous processing bath comprised of a 
SC-1 solution is shown. Bath 10, contained within ein 
closure 9, is utilized to provide a wet processing bath 
for one of a variety of wet processing techniques known 
for processing a seniconductor wafer. Generally, the 
SC-1 solution is used for megasonic cleaning of Semi 
conductor wafers to remove particles, organics and/or 
trace metals (See for example, "Megasonic Particle 
Removal from Solid-State Wafers'; S. Shwartzman, A. 
Mayer and W. Kern; RCA Review Vol. 46; March 
1985; pp. 81-105). The various chemicals are pumped 
from a chemical source (not shown). A chemical Solu 
tion is pumped by the use of a chemical metering pump 
11, which meters the amount of the particular chemical 
solution being introduced into bath 10. In this particular 
example, H2O2 solution is introduced through pump 1. 
A second chemical solution is introduced into bath C 

by the use of a second chemical metering pump 1.2, 
which pumps the second chemical solution from a sepa 
rate chemical source (not shown). In this particuliar 
example using a SC-1 solution, NH4OH is introduced 
through pump 12. Furthermore, a third metering pump 
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7 is utilized to meter and pump deionized (DI) water 
into bath 10. 

It is to be appreciated that additional chemicals can 
be pumped into bath 10 from a separate source through 
additional chemical metering pumps and that only two 
chemistries are shown in FIG. 1 in order to simplify the 
explanation of the present invention. For example, sul 
furic acid (H2SO4) can be combined with H2O2 for the 
purpose of stripping photoresist or other organics from 
a wafer. 
Some other examples of H2O2 baths are: 

H2O2-H3PO4-H2O for titanium etching and metal 
stripping; 

H2O2-NH4OH-H2O for wafer cleaning, particle/or 
ganic removal; 

H2O2-HCl-H2O (SC-2 solution) for trace metal re 
moval; and 

H2O2-H2O for wafer cleaning and metal removal. 
Furthermore, it is to be noted that water, preferably 

DI water, is typically pumped into bath 10 for the pur 
pose of diluting the solution to a desired level. Accord 
ingly, the actual chemicals introduced into bath 10 will 
depend on the particular process desired. Emphasis is 
placed on H2O2, since it is a more readily used chemical 
in wet processing baths and is a component in the SC-1 
solution. Typically, the second chemical component or 
specie present (noted in the example above as: H2SO4, 
H3PO4, NH4OH, HCl and HF) in semiconductor baths 
will have an acidic or basic property. With the SC-1 
solution, the second specie is NH4OH. With the SC-2 
solution, the second specie is hydrochloric acid (HCl). 

In FIG. 1, a sampling tube 14 is disposed within bath 
10 in order to draw a sample of the solution from bath 
10. It is to be appreciated that the manner in which the 
sample is taken is not essential to the operation of the 
present invention, as long as the sampling process does 
not introduce contaminants into bath 10. A slipstream 
sampling method, well known in the prior art, is an 
other non-contaminating sampling technique available. 
The bath 10 (and generally the metering pumps 7, 11 

and 12) are part of an assembly usually contained within 
an equipment housing or cabinet and is accordingly 
shown as bath assembly 8. In the preferred embodiment, 
a sampling line 20 couples the sampled liquid to various 
sensors described below. When a sample is to be taken, 
a pump 13, coupled to line 20, is used to pump a solution 
sample from bath10. It is to be appreciated that a num 
ber of known schemes can be readily utilized for taking 
a solution sample from bath 10 and transferring the 
sample to various sensors noted below. 

In the simplified scheme of the preferred embodi 
ment, the sample output from bath 10 is coupled to 
sensors 21 and 22. The sensors 21 and 22 are utilized for 
analyzing the sample from the bath to determine the 
concentration level of the two chemical species present 
in the bath. In this particular instance, sensors 21-22 
determine the concentrations of H2O2 and NH3 in the 
sample. Since the sample is undiluted, a direct indica 
tion of the bath 10 solution is presented to sensors 
21-22. Once the sample is directed through the sensors 
21-22, the sample remnant is sent to waste or returned 
to the system. 
The sensors 21-22 can be of a variety of sensors for 

achieving the purpose of determining the concentration 
levels of the chemical species in the bath. With the 
practice of the present invention, the preference is to 
use electrochemical sensors. With the SC-1 solution, the 
sensors 21 and 22 are used to determine the concentra 
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6 
tions of NH3 and H2O2. Although the type of sensor to 
be utilized is a design choice, three schemes have been 
selected as the more preferred approaches. The detec 
tion scheme for the three approaches are noted below. 

Approach For NH3 For H2O 
A. Potentiometry Amperometry 
B Potentiometry Conductivity 
C Conductivity Amperometry 

Thus, as shown in FIG. 2, when approach A is 
chosen, sensor 21 is a potentiometric sensor, while sen 
sor 22 is an amperometric sensor. In approach A, a 
potentiometric sensor 21a is used to determine the con 
centration of NH3 in the sample solution and an ampe 
rometric sensor 22a is used to determine the concentra 
tion of H2O2. With approach A, each specific sensor 
directly measures one of the two concentration levels. 
That is, the amperometric sensor 22a detects the H2O2 
concentration level and the potentiometric sensor 21a 
detects the NH3 concentration level. 
The preferred type of potentiometric sensor is a gas 

diffusion NH3 sensor. However, an ordinary pH glass 
electrode can also be utilized. The addition of H2O2 to 
an aqueous NH3 solution will shift the following equilib 
rium reaction to the right: 

In turn, the following coupled equilibrium reaction will 
be shifted to the left: 

The resulting reduction in the OH concentration will 
result in an increase in the H concentration and a 
decrease in pH. 
One type of gas-diffusion sensor for detecting NH3 is 

shown in FIG. 5 and further described later in reference 
to FIG. 5. A preferred type of amperometric sensor is 
shown in FIG. 6 and is also described later in reference 
to FIG. 6. 
When approach B is chosen, sensor 21 is a potentio 

metric sensor, while sensor 22 is a conductivity sensor. 
Approach B is illustrated in FIG. 3. A potentiometric 
sensor 21b detects the NH3 concentration, but a conduc 
tivity sensor 22b cannot separately detect the concen 
tration level of H2O2. What actually occurs is that the 
conductivity sensor 22b detects the total conductivity 
of the solution, giving an indication of total ionic species 
in the solution. However, since the concentration of 
NH3 is known from the potentiometric sensor 21b, this 
value is then used to compute the concentration of 
H2O2 from the ionic conductivity reading and the em 
pirical equation which relates the ionic conductivity to 
the H2O2 and NH3 concentrations, as well as tempera 
ture. One preferred type of conductivity sensor is 
shown in FIG. 7 and is later described in reference to 
FIG. 7. 
With approach C, sensor 21 is a conductivity sensor, 

while sensor 22 is an amperometric sensor. Approach C 
is illustrated in FIG. 4. The H2O2 concentration is deter 
mined specifically by an amperometric sensor 22c. This 
value is then used to compute the concentration of NH3 
from the total ionic conductivity reading obtained from 
a conductivity sensor 21c. The experimentally derived 
empirical equation which relates the ionic conductivity 
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to the H2O2 and NH3 concentrations, as well as temper 
ature, can be used to solve for the missing specie. 

In comparing the three approaches, approach A is the 
best approach from an analytical standpoint since this 
approach utilizes specific detection of NH3 and H2O2. 
The other two approaches rely on the ionic conductiv 
ity measurement of all of the ions in the solution, so it is 
a nonspecific sensor. By establishing one of the species 
(NH3 by potentiometry or H2O2 by amperometry), the 
conductivity measurement can be used to compute the 
concentration of the other specie. 

Since 

there are two major ions of interest in the SC-1 solution. 
In approach A, the two molecular species on the left 
side of the above equation are determined. Approaches 
B and C determine one of the molecular species on the 
left side of the equation and the sum of the ionic species 
on the right side of the equation. Therefore, the missing 
species on the left side of the equation can be readily 
computed. Thus, the conductivity sensor ultimately 
functions to determine the concentration level of the 
other species. 
As noted, approach A is the best from an analytical 

point of view. However, approach B appears to be 
easiest of the three approaches to implement, as well as 
being the most economical. Approach C is the approach 
pursued in the previously noted original parent applica 
tion and is illustrated in FIG. 4. Furthermore, it should 
be noted that amperometric sensors are in general more 
sensitive than potentiometric sensors. In general, ampe 
rometric sensors display a linear dependence upon the 
molar concentration for dilute solutions, while potentio 
metric sensors have a logarithmic response. 

Referring to FIG. 5, a particular gas-diffusion poten 
tiometric sensor 25 for sensing ammonia gas is shown. 
An ammonia gas sensing electrode 26 is comprised of a 
combination pH/glass electrode 24 housed within a 
plastic tube 28. The electrode 26 is separated from the 
sample solution by a hydrophobic membrane 27. The 
tube 28 is filled with an ammonium chloride solution 29. 
The sensor 25 is constructed so that the electrode 24 is 
disposed proximal to the membrane 27, wherein only a 
thin fluid layer of the ammonium chloride solution ex 
ists between the membrane 27 and electrode 26. A sen 
sor of this type is well known in the prior art. An exam 
ple of a potentiometric sensor for use with the present 
invention is Model 95-12 ammonia electrode manufac 
tured by Orion Research Inc. of Boston Mass. Also, 
generally an electrical circuit 41 is coupled to and used 
with the potentiometric sensor. Such circuitry 41 is 
well-known in the prior art and is shown in FIGS. 2 and 
3. Circuit 41 also includes the necessary I/O functions 
for coupling the signal(s) to a processor. 

Referring to FIG. 6, a particular amperometric sen 
sor 30 for use with the present invention is shown. The 
purpose of the amperometric sensor 30 is to quantita 
tively determine the H2O2 concentration of the sample 
solution sent to it. The operation of an amperometric 
oxidation of H2O2 is well known in the prior art. Tech 
niques for detecting H2O2 are described in U.S. Pat. 
Nos. 4,427,772; 4,340,448; 4,909,908; and particularly 
3,902,970. However, the prior art only employs am 
perometry for very dilute solutions. The present inven 
tion is unique, since H2O2 is measured in the percent by 
volume composition range rather than in the ppb (parts 
per billion) or ppm (parts per million) range. A self-con 
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8 
tained amperometric sensors of this type are veil 
known in the prior art. One such sensor (which is coin 
prised of electrodes, membrane and jacket, but requires 
to be placed in a flow through cell), is available as 
“Model 4006' from Universal Sensors, Inc. of Metairie, 
La. 
A special type of amperometric sensor is the men 

brane type amperometric cell described in the afore 
mentioned original application and which is shown in 
FIG. 6. This amperometric sensor 30 is desirable for use 
in the present application when used with a hydropho 
bic micro-porous membrane 34. This type of sensor 3G 
relies upon H2O2 gas diffusion from the sample solution 
33 through a hydrophobic membrane 34 and into the 
inner electrolyte solution 36. The inner electrolyte solu 
tion 36 can be a 0.1 molar NH3/NH4Cl buffer with a pH 
of approximately 8.0. Oxidation of H2O2 occurs at a 
platinum working electrode 35a, although other work 
ing electrodes could also be used. The oxidation occurs 
at a potential that is typically -- 600 mV with respect to 
a Ag/AgCl reference electrode 35b. The electrical sig 
nal is proportional to the concentration of H2O2. Elec 
trode 35c, which is desirable but not necessarily needed, 
is an auxiliary (or counter) electrode. 
Membranes having different properties can be se 

lected depending on the particular measurement 
scheme desired. The membrane 34 must be a micro-poi 
ous hydrophobic membrane. Hydrophobic membranes 
are not susceptible to wetting by water. Transport of 
volatile molecular species, such as H2O2, occurs by a 
diffusion process and the diffusion of H2O2 across the 
membrane occurs at a rate governed by properties of 
membrane and temperature. 
A variety of amperometric sensors can be readily 

used in place of sensor 30. However, in order to provide 
the necessary electrode potential, an electrical pover 
Source along with appropriate current monitoring cir 
cuitry is typically coupled to and used with sensor 30, as 
shown in FIGS. 2 and 4. A potentiostatic circuit 4C is 
utilized to provide these functions. Potentiostatic circuit 
40 is coupled to the amperometric sensor to establish 
the necessary voltage at the working electrode 35a, as 
well as a current monitoring circuit to measure the 
current. The value of the current measured between the 
working and auxiliary electrodes is proportional to the 
concentration of H2O2 of the liquid present in the ampe 
rometric sensor. In the case of the present invention, the 
potentiostatic circuit 40 must be capable of measuring 
currents in the tens of microampere range. Circuit (.3 
also provides the necessary input/output (I/O) function 
for coupling the signal(s) to a processor. 

Generally, amperometric sensors are operated with 2. 
continuous DC potential being applied to the working 
electrode. However, due to the high concentration 
levels of the present invention, it is preferable to use a 
positive voltage pulse and then to obtain a current read 
ing after a lapse of a predefined time period. This is 
known as chronoamperometry. The duration of the 
pulse should be of a short duration, which is limited by 
the speed of the potentiostat and computer acquisition 
system. FIG. 8 shows a representative double-step, or 
double-pulse, (square-wave) chronoamperometric volt 
age waveform 50. Each step (positive and negative) has 
approximately a 1.5 second duration. 
A current response to the voltage pulse 50 will have 

some variation during the time the pulse is applied. 
Thus, it is important for quantitative purposes that the 
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current be measured at some specific time period after 
the end of each voltage period. The current is measured 
relative to a zero level, which is defined as when the 
potentiostat in the potentiostatic circuit 40 is not ac 
tively coupled (that is, at open circuit). FIGS. 9 and 10 
illustrate a current response for an SC-1 and SC-2 solu 
tions, which are obtained when the pulse waveform 50 
is applied. FIG. 9 illustrates a current waveform 51 
obtained from a SC-1 solution when pulse 50 is applied. 
FIG. 10 illustrates a current waveform 52 obtained from 
a SC-2 solution when pulse 50 is applied. 
For SC-2 solutions, the amount of H2O2 diffusion 

through the membrane is less than that for SC-1 solu 
tions of corresponding H2O2 concentrations. For SC-2 
solutions, it is, preferable to use the current response to 
the negative pulse for greater sensitivity. The magni 
tude of this current response is proportional to the 
H2O2 concentration. A reduction process occurs during 
this negative pulse which may involve O2 reduction. 

Additionally, a continued presence of bubbles within 
the amperometric sensor can also present problems. 
The bubbles are produced by the catalytic decomposi 
tion of H2O2, as well as by the actual measurement 
process. The oxidation reaction produces oxygen by the 
reaction; 

To counteract the bubbles, the positive potential pulse is 
followed by a negative potential pulse of equal duration 
and of the same absolute amplitude as the initial pulse, 
which is as shown in FIG.8. The negative pulse aids in 
reducing the production of oxygen. 
Another technique for minimizing the bubbles is to 

alternate the sample stream with a DI water stream 
between measurements. The H2O2 will diffuse back out 
of the electrode into the DI water, due to the concentra 
tion gradient. 
A number of known circuitry (as well as devices) can 

be readily used to provide these functions for the ampe 
rometric sensor. Additionally, as shown in the afore 
mentioned parent application (Ser. No. 08/017,224), a 
pH sensor can be incorporated to measure the pH of the 
sample stream. Alternatively, a pH indication can be 
used rather than a gas diffusion type of NH3 sensor. 

In reference to conductivity sensors, electrodeless 
conductivity sensors (also known as toroidal or induc 
tance type sensors) are preferred. A particular conduc 
tivity sensor 45 for use with the present invention is 
shown in FIG. 7. These toroidal sensors are clad in an 
inert plastic housing 46, such as a housing constructed 
from a fluoro polymer material (for example, a Te 
flon TM material, such as polytetrafluoroethylene 
(PTFE)). A primary toroid 47 and a secondary toroid 
48 reside within housing 46. The sample solution is 
made to flow through the core of the toroids 47 and 48. 
The sensor 45 is usually coupled to an electrical circuit 
49, which provides the necessary electronics to operate 
sensor 45. The circuit 49 typically includes an oscillator 
55 and a detector 56. The circuit 49 also includes the 
necessary I/O function for coupling the signal(s) to a 
processor. 

In operation, the primary toroid 47 is coupled to the 
oscillator 55, while the secondary toroid 48 is coupled 
to the detector 56. The amount of induced field gener 
ated and coupled from the primary toroid 47 to the 
secondary toroid 48 (which is then measured by the 
detector) is proportional to the ions present in the sam 
ple solution disposed between the toroids. The opera 
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10 
tion of this type of conductivity sensor is well known in 
the art. 
Although a variety of conductivity sensors can be 

used, it is preferable to use a rapid response sensor. 
Sensors having this measurement characteristics are 
well-known in the prior art and provide for rapid re 
sponse to a flowing fluid. An example of a conductivity 
sensor for use with the present invention is manufac 
tured by Electrochemical Devices of Yorba Linda, 
Calif., which uses a T21 transmitter and PTFE clad 
toroidal sensor. 

Conductivity sensors which utilize metal electrodes 
in contact with the solution being measured are not 
recommended, since these electrodes will cause cata 
lytic decomposition of the H2O2 (See for example, 
“Electrodeless Conductivity”; T. S. Light; American 
Chemical Society Symposium Series No. 390; Electro 
chemistry, Past and Present; 1989; pp.429–441). How 
ever, it is possible that the more conventional two elec 
trode conductivity cells might be used. In certain in 
stances, passive layers will form in peroxide containing 
solutions on metal conductivity probes, which would 
enable the use of the two electrode type conductivity 
cells. Such passive layers will prevent the catalytic 
decomposition of peroxide and the actual dissolution of 
the conductivity probe in these highly corrosive solu 
tions. 

In order to provide automated sensing of bath 10, as 
well as automated control of bath 10, a processor (de 
noted by CPU 6) is utilized with the present invention. 
The CPU 6 is coupled, directly or indirectly, to various 
devices of FIGS. 1-4. Thus, CPU 6 is coupled to con 
trol the operation of pumps 7, 11-13 and sensors 21a-c, 
22a-c, circuits 40, 41 and 49, as well as to a pH sensor 
(when used) and a temperature sensor (when used) as 
shown in the afore-mentioned parent application. 

In operation, when a chemical concentration (such as 
H2O2) determination is to be made, pump 13 is activated 
to draw a sample of the solution from bath 10. The 
sensors 21 and 22 perform their tasks, depending on the 
type of sensor used. The measurement values are cou 
pled to and processed by CPU 6 to determine the con 
centration levels. Then, if necessary, appropriate meter 
ing pumps 7, 11 and/or 12 can be activated by CPU 6 
for chemical concentration adjustment of bath 10. This 
operation can be performed in-situ while the bath is 
being used. 

Referring to FIGS. 2-4, the system of FIG. 1 is re 
peated, but with the substitution of sensors from FIGS. 
5-7 for sensors 21 and 22. FIG. 2 exemplifies one design 
for implementing the approach noted as approach A. 
FIG. 3 exemplifies one design for implementing the 
approach noted as approach B. FIG. 4 exemplifies one 
design for implementing the approach noted as ap 
proach C. In these implementations in applying the 
technique of the present invention, measurements, con 
trols and computations are performed by the operation 
Of CPU 6. 

Additionally, a temperature sensor can be located at 
the input of the first sensor 21a-c. Since the concentra 
tion measurements are somewhat dependent on the 
temperature of the solution, it is preferred to utilize a 
temperature sensor to measure the temperature of the 
solution coupled to the sensors 21 and 22. Essentially, 
temperature is an independent variable which must be 
considered, if not held constant. For example, the con 
ductivity measurement is a means of correlating an 
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empirical value to the concentration level of the compo 
nent being measured. Since temperature affects this 
calculation, the temperature sensor is coupled to mea 
sure the liquid temperature at the particular sensor. The 
measurement value of the temperature, along with the 
sensor outputs are processed by CPU 6 in its calcula 
tions for determining the concentration levels of the 
chemical species. 

Thus, a fully automated wet processing bath measure 
ment, analysis and feedback control system is described 
for use in processing semiconductor wafers, especially 
silicon wafers. It is to be appreciated that although the 
present invention is described in references to SC-1 type 
solution, other solutions, such as SC-2 type solution, can 
be monitored and controlled by the practice of the 
present invention. Essentially, the present invention is 
utilized for baths containing H2O2 and a second specie, 
which is either an acid or a base. 

I claim: 
1. A method for monitoring concentration levels of a 

first chemical specie, which is hydrogen peroxide 
(H2O2), and a second chemical specie, which is either an 
acid or a base, in a multi-component aqueous bath uti 
lized in semiconductor processing, in order to provide 
feedback to control an amount of said H2O2 and said 
second chemical specie present in said bath comprising 
the steps of: 

sampling said bath to obtain a solution sample; 
performing a potentiometric detection of said sample 

to measure concentration of said second chemical 
specie in said Sample; 

performing an amperometric detection of said sample 
to measure concentration of said H2O2 in said sam 
ple; 

analyzing concentration measurements of Said sample 
to determine if said H2O2 and said chemical specie 
in said bath are within set concentration levels; 

introducing additional H2O2, said second chemical 
Specie, other compensating chemical or diluting 
agent into said bath to adjust said bath to within 
said set concentration levels, if adjustment is 
needed; 

wherein said bath is monitored and compensated to 
maintain said set concentration levels of H2O2 and 
said second chemical specie in said bath. 

2. The method of claim 1 wherein said second chemi 
cal specie is ammonium hydroxide (NH4OH). 

3. The method of claim 1 wherein said bath is com 
prised of a H2O2-NH4OH-H2O solution which is 
utilized for wafer cleaning. 

4. A method for monitoring concentration levels of a 
first chemical specie, which is hydrogen peroxide 
(H2O2), and a second chemical specie, which is either an 
acid or a base, in a multi-component aqueous bath uti 
lized in semiconductor processing, in order to provide 
feedback to control an amount of said H2O2 and said 
second chemical specie present in said bath comprising 
the steps of: 

sampling said bath to obtain a solution sample; 
performing a potentiometric detection of said sample 

to measure concentration of said second chemical 
specie in said sample; 

performing a conductivity detection of said sample to 
measure total ionic conductivity in said sample; 

calculating a difference of ionic conductivity attribut 
able to measured concentration of said second 
chemical by said potentiometric detection from 
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12 
said total ionic conductivity to determine concern 
tration of said H2O2 in said sample: 

analyzing concentration measurements of Said Sample 
to determine if said H2O2 and said Second chemical 
specie in said bath are within set concentration 
levels; 

introducing additional H2O2, said Second chemical 
specie, other compensating chemical or diluting 
agent into said bath to adjust said bath to within 
said set concentration levels, if adjustment is 
needed; 

wherein said bath is monitored and compensated O 
maintain said set concentration levels of H2O2 and 
said second chemical specie in Said bath. 

5. The method of claim 4 wherein said second chemi 
cal specie is ammonium hydroxide (NH4OH). 

6. The method of claim 4 wherein said bath is coin 
prised of a H2O2-NH4OH-H2O solution which is 
utilized for wafer cleaning. 

7. A method for monitoring concentration levels of a 
first chemical specie, which is hydrogen peroxide 
(H2O2), and a second chemical specie, which is either an 
acid or a base, in a multi-component aqueous bath ulti 
lized in semiconductor processing, in order to provide 
feedback to control an amount of Said H2O2 and Said 
second chemical specie present in said bath comprising 
the steps of: 

Sampling said bath to obtain a Solution Sample: 
performing an amperometric detection of said Sample 

to measure concentration of said H2O2 in Said Sail 
ple; 

performing a conductivity detection of said Sample to 
measure total ionic conductivity in said solution; 

calculating a difference of ionic conductivity attribut 
able to measured concentration of said H2C2 by 
said amperometric detection from said total ionic 
conductivity to determine concentration of said 
H2O2 in said sample: 

analyzing concentration measurements of Said Sampie 
to determine if said H2O2 and said second chemical 
specie in said bath are within set concentration 
levels; 

introducing additional H2O2, said second chemical 
specie, other compensating chemical or diluting 
agent into said bath to adjust said bath to within 
said set concentration levels, if adjustment is 
needed; 

wherein said bath is monitored and compensated to 
maintain said set concentration levels of H2O2 and 
said second chemical specie in said bath. 

8. The method of claim 7 wherein said Second chemi 
cal specie is ammonium hydroxide (NH4OH). 

9. The method of claim 7 wherein said bath is coin 
prised of a H2O-NH4OH-H2O solution which is 
utilized for wafer cleaning. 

10. An apparatus for monitoring concentration levels 
of a first chemical specie, which is hydrogen peroxide 
(H2O2) and a second chemical specie, which is either an 
acid or a base, present in a multi-component aqueous 
bath utilized in semiconductor processing, in order to 
provide feedback and control to adjust an annount of 
said H2O2 and said second chemical specie present in 
said bath comprising: 

a sampling device for obtaining a sample of Said Solu 
tion from said bath and introducing Said Sainple 
into a flow path; 

a potentiometric sensor coupled to said flow path for 
receiving said sample and for performing a pote:- 
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tiometric detection of said sample to measure con 
centration of said second chemical specie in said 
sample; 

an amperometric sensor coupled to said flow path for 
receiving said sample and for performing an ampe 
rometric detection of said sample to measure con 
centration of H2O2 in said sample; 

a processor coupled to said potentiometric and ampe 
rometric sensors for obtaining data pertaining to 
said concentration of said second chemical specie 
and H2O2, processing said data to determine if said 
concentration of said second chemical specie and 
H2O2 is within set concentration levels and intro 
ducing compensating chemical or diluting agent 
into said bath to adjust said bath to within said set 
concentration levels for said bath; 

wherein said bath is monitored and compensated by 
said processor to maintain control of said set con 
centration levels of H2O2 and said second chemical 
specie. 

11. The apparatus of claim 10 further including a first 
pump and a second pump, each coupled to said bath and 
said processor, wherein said first pump is used to pump 
H2O2 into said bath under control of said processor and 
said second pump is used to pump said second chemical 
specie into said bath under control of said processor, 
and wherein said second chemical specie is ammonium 
hydroxide (NH4OH). 

12. The apparatus of claim 10 further including a first 
pump and a second pump, each coupled to said bath and 
said processor, wherein said first pump is used to pump 
H2O2 into said bath under control of said processor and 
said second pump is used to pump said second chemical 
specie into said bath under control of said processor, 
and wherein said bath is comprised of a H2O2-NH 
4OH-H2O solution which is utilized for wafer clean 
ing. 

13. An apparatus for monitoring concentration levels 
of a first chemical specie, which is hydrogen peroxide 
(H2O2) and a second chemical specie, which is either an 
acid or a base, present in a multi-component aqueous 
bath utilized in semiconductor processing, in order to 
provide feedback and control to adjust an amount of 
said H2O2 and said second chemical specie present in 
said bath comprising: 

a sampling device for obtaining a sample of said solu 
tion from said bath and introducing said sample 
into a flow path; 

a potentiometric sensor coupled to said flow path for 
receiving said sample and for performing a poten 
tionetric detection of said sample to measure con 
centration of said second chemical specie in said 
sample; 

a conductivity sensor coupled to said flow path for 
receiving said sample and for performing a conduc 
tivity detection of said sample to measure total 
ionic conductivity in said sample; 

a processor coupled to said potentiometric and con 
ductivity sensors for obtaining data pertaining to 
said concentration of said second chemical specie 
and total ionic conductivity, computing a differ 
ence of ionic conductivity attributable to measured 
concentration of said second chemical by said po 
tentiometric detection from said total ionic con 
ductivity to determine concentration of said H2O2 
in said sample, processing said data to determine if 
said concentration of said second chemical specie 
and H2O2 is within set concentration levels, and 
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14 
introducing compensating chemical or diluting 
agent into said bath to adjust said bath to within 
said set concentration levels for said bath; 

wherein said bath is monitored and compensated by 
said processor to maintain control of said set con 
centration levels of H2O2 and said second chemical 
Specie. 

14. The apparatus of claim 13 further including a first 
pump and a second pump, each coupled to said bath and 
said processor, wherein said first pump is used to pump 
H2O2 into said bath under control of said processor and 
said second pump is used to pump said second chemical 
specie into said bath under control of said processor, 
and wherein said second chemical specie is ammonium 
hydroxide (NH4OH). 

15. The apparatus of claim 13 further including a first 
pump and a second pump, each coupled to said bath and 
said processor, wherein said first pump is used to pump 
H2O2 into said bath under control of said processor and 
said second pump is used to pump said second chemical 
specie into said bath under control of said processor, 
and wherein said bath is comprised of a H2O2-NH 
4OH-H2O solution which is utilized for wafer clean 
1ng. 

16. An apparatus for monitoring concentration levels 
of a first chemical specie, which is hydrogen peroxide 
(H2O2) and a second chemical specie, which is either an 
acid or a base, present in a multi-component aqueous 
bath utilized in semiconductor processing, in order to 
provide feedback and control to adjust an amount of 
said H2O2 and said second chemical specie present in 
said bath comprising: 

a sampling device for obtaining a sample of said solu 
tion from said bath and introducing said sample 
into a flow path; 

an amperometric sensor coupled to said flow path for 
receiving said sample and for performing an ampe 
rometric detection of said sample to measure con 
centration of said H2O2 in said sample; 

a conductivity sensor coupled to said flow path for 
receiving said sample and for performing a conduc 
tivity detection of said sample to measure total 
ionic conductivity in said sample; 

a processor coupled to said amperometric and con 
ductivity sensors for obtaining data pertaining to 
said concentration of said H2O2 and total ionic 
conductivity, computing a difference of ionic con 
ductivity attributable to measured concentration of 
said H2O2 by said amperometric detection from 
said total ionic conductivity to determine concen 
tration of said second chemical specie in said sam 
ple, processing said data to determine if said con 
centration of said second chemical specie and 
H2O2 is within set concentration levels, and intro 
ducing compensating chemical or diluting agent 
into said bath to adjust said bath to within said set 
concentration levels for said bath; 

wherein said bath is monitored and compensated by 
said processor to maintain control of said set con 
centration levels of H2O2 and said second chemical 
specie. 

17. The apparatus of claim 16 further including a first 
pump and a second pump, each coupled to said bath and 
said processor, wherein said first pump is used to pump 
H2O2 into said bath under control of said processor and 
said second pump is used to pump said second chemical 
specie into said bath under control of said processor, 
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and wherein said second chemical specie is ammonium 
hydroxide (NH4OH). 

18. The apparatus of claim 16 further including a first 
pump and a second pump, each coupled to said bath and 
said processor, wherein said first pump is used to pump 
H2O2 into said bath under control of said processor and 
said second pump is used to pump said second chemical 
specie into said bath under control of said processor, 
and wherein said bath is comprised of a H2O2-NH 
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4OH-H2O Solution which is utilized for wafer clear 
1ng. 

19. The apparatus of claim 16 further including a first 
pump and a second pump, each coupled to Said bath and 
said processor, wherein said first pump is used to pump 
H2O2 into said bath under control of said processor and 
said second pump is used to pump said second chemical 
specie into said bath under control of said processor, 
and wherein said second chemical specie is hydrochio 
ric acid (HCl). 

ci: k k : : 
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